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[TITLE OF THE INVENTION] 

A Semiconductor Device and a Method for 
Manufacturing Thereof 
[Field of the Invention] 

The present invention relates to a 
5 semiconductor device, a part of which is irradiated by 
radiating rays 7 more specifically, a technology for 
radiating a part of the semiconductor. 
[Background art] 

An insulated gate bipolar transistor 
10 (hereinafter referred to as IGBT) 80 shown in Fig. 9 is 

known as a semiconductor device having a planar type high 
voltage-proof vertical element. The IGBT 80 is a 
semiconductor device which has both a high input 
impedance characteristic observed in a metal oxide field 
15 effect transistor (hereinafter referred to as MOSFET) and 
a low saturation voltage characteristic known as a 
characteristic of a bipolar transistor. 

A substrate 82 used for the IGBT 80 includes a 
drain layer 3 with P + type, an n + type layer 5 and an n" 
20 type layer 7. Base regions 21 are formed in the n" type 
layer 7, and source regions 23 with n + type are formed 
within the base regions 21. Surface of the n" type 
semiconductor layer 82 is covered with a gate oxidation 
layer 17. 

25 Incidentally, a loss caused by switching arises 
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as a result of a parasitic diode generated on a plane of 
a PN (positive-negative) junction 59. Japanese Patent 
laid-open publication No. Hei 7-135214 discloses a 
technology for selectively radiating electron-beams using 
a mask 41 shown in Fig, 9 during the manufacturing 
processes in order to avoid the generation of the 
parasitic diode. The beams pass through through-holes 43 
formed in the mask 41 and irradiated on the IGBT 80. In 
this way, the life-time of carriers located on the plane 
of the PN junction 59 where the parasitic diode being 
generated can be shorten as a result of forming crystal 
defects 61. 

In the manufacturing processes described above, 
unexpected variation of the threshold voltage in the IGBT 
90 is pointed out because of generation of bremsstrahlung 
caused by the material of the mask 41 made generally of a 
heavy metal such as lead and the like. 

Japanese Patent laid-open publication No. Hei 
8-227895 discloses another IGBT 90 having layers for 
restricting electron-beams. As shown in Fig. 10, a layer 
69 for restricting the beams made of silicon nitride is 
formed under a source electrode where requiring 
restriction of the electron-beams. Generation of the 
bremsstrahlung is restricted even when the beams are 
radiated to the IGBT 90 under the condition due to 
masking of the restriction layer 69. 
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However, the number of process is increased 
because the processes for forming the restriction layers 
69 made of silicon nitride is required in the 
conventional method, 

[Disclosure of the present invention] 

It is an object of the present invention to 
overcome the above mentioned drawbacks associated with 
prior arts, and to provide a semiconductor device and a 
method for manufacturing thereof capable of radiating 
electron-beams to the desired region with simple 
processes, while not providing adverse effects caused by 
bremsstrahlung even when the electron -beams are radiated. 

In accordance with characteristics of the 
present invention, there is provided a semiconductor 
device comprises : 

a substrate having a region to be irradiated 
with radiating rays, and 

a metal wring layer located on the substrate 
one of directly and indirectly, 

wherein the metal wring layer is made of a 
light metal, 

and wherein the metal wring layer located on 
the region to be irradiated is formed thinner than that 
formed on regions except for the region to be irradiated. 

Also, in accordance with characteristics of the 
p resen t invention, there is provided a semiconductor 
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device comprises: 

a substrate having a region to be irradiated 
with radiating rays, and 

a metal wring layer located on the substrate, 
5 wherein the metal wring layer is made of a 

light metal, 

and the metal wring layer is used as a mask for 
restricting penetration of the radiating rays into region 
except for the region to be irradiated. 
10 Further, in accordance with characteristics of 

the present invention, there is provided a method for 
manufacturing a semiconductor device having a substrate, 
and a metal wiring layer located on the substrate, a 
region of the substrate being irradiated with radiating 
15 rays, the method comprises the steps of: 

entirely forming the metal wiring layer, 
removing the metal wiring layer located on the 
region to be irradiated, and 

radiating the radiating rays using the metal 
20 wiring layer being remained as a mask. 

While the novel features of the invention are 
set forth in a general fashion, both as to organization 
and content, the invention will be better understood and 
appreciated, along with other objects and features 
25 thereof, from the following detailed description taken in 
conjunction with the drawings. 
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[Brief description of the drawings] 

Fig. 1 is a sectional view showing part of an 
IGBT 1 as an embodiment of a semiconductor device in 
accordance with the present invention. 
5 Fig. 2 is a perspective view of the IGBT 1. 

Fig. 3 is a graph showing a relationship 
between a range of electrons in the source electrode 22 
and energy amount of the electron-beams. 

Fig. 4A through Fig. 4C are sectional views 
10 showing the manufacturing process of the IGBT 1. 

Fig. 5A and Fig. 5B are another sectional views 
showing the manufacturing process of the IGBT 1. 

Fig. 6A and Fig. 6B are far another sectional 
views showing the manufacturing process of the IGBT 1. 
15 Fig. 7A and Fig. 7B are still another sectional 

views showing the manufacturing process of the IGBT 1. 

Fig. 8 is yet another sectional view showing 
the manufacturing process of the IGBT 1. 

Fig. 9 is a sectional view of the IGBT 80 in 
20 the conventional technology. 

Fig. 10 is a sectional view of another IGBT 90 
in the conventional technology. 

[The best mode of preferred embodiment to carry out the 
present invention] 

25 An embodiment of the present invention will be 

described herein with reference to the drawings. Fig. 1 
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is a sectional view showing part of an IGBT 1 as one 
embodiment of a semiconductor device in accordance with 
the present invention. 

The IGBT 1 is formed in a substrate 2 for a 
5 semiconductor device. In the substrate 2, an n + type 

layer 5 and an n" type layer 7 are consecutively formed 
on a drain layer 3 with P + type. A base region 21 with 
P + type is formed in the n" type layer 7 . Source regions 
23 are formed in the base region 21. The surface of the 

10 n" type layer 7 is covered with a gate oxidation layer 

15. A gate electrode 17 is formed on the gate oxidation 
layer 15. The gate electrode 17 is covered with an 
inter-insulating layer 19, and a source electrode 22 made 
of aluminum is formed on the inter-insulating layer 19. 

15 The source electrode 22 formed as a wiring layer made of 
a metal is also used for electrically connecting with the 
source regions 23 in the IGBT element. A passivation 
layer 29 covers entire surface of the source electrode 
22. The first conductive type and the second conductive 

20 type are respectively defined as n type and p type in 
this embodiment . 

A silicon oxidation layer 27 is formed on a 
region 24 located between the source regions 23 formed 
within the base regions 21. Further, the source 

25 electrode 22 is not existed at upper part of the silicon 
oxidation layer 27, and an opening 25 is located on the 
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silicon oxidation layer 27. On the other hand, a crystal 
defect region 11 is formed at a position in the n" type 
layer 7 and below the silicon oxidation layers 27. 

Fig. 2 is a perspective view of the IGBT 1 
5 before forming the passivation layer 29. As described, 
the silicon oxidation layer 27 is formed above of the 
crystal defect region 11, and the opening 25 is located 
on the silicon oxidation layers 27. In this way, the 
source electrode 22 made of aluminum can be used both for 

10 a wiring, and a mask for the beams. 

Next, a method for manufacturing the IGBT 1 
will be described. The manufacturing processes similar 
to an ordinary IGBT are carried out until forming the 
source electrodes 23. In other words, the substrate 2 is 

15 formed by consecutively forming the n + type layer 5 on 
the drain layer 3 and the n" type layer 7 thereon as 
shown in Fig. 4A. Thereafter, the gate oxidation layer 
15 and the gate electrode 17 are formed successively as 
shown in Fig. 4B. Ion implantation of P-type impurities 

20 is carried out by using the gate electrode 17 as a mask. 
Further, N-type impurities are implanted ionically by 
using both a resist layers 81 formed on the gate 
oxidation layer 15 and the gate oxidation layers 17 as a 
mask as shown in Fig. 4C. The base region 21 with P + 

25 type and a pair of the source regions 23 located in the 
base region 21 are formed simultaneously by carrying out 
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thermal treatment as shown in Fig. 5A. 

Next, a silicon oxidation (Si02) layer 18 is 
accumulated entirely on the substrate with the chemical 
vapor deposition (CVD) method as shown in Fig, 5B. A 
resist layer 82 is formed above of both the crystal 
defect region 11 and the gate electrode 17 as shown in 
Fig. 6A. Both the inter- insulation layer 19 and the 
silicon oxidation layer 27 are formed with an etch-back 
technique by using the resist layers 82. In this way, 
the silicon oxidation layer 27 is formed above of the 
crystal defect region 11 as shown in Fig, 6B. 

Next, aluminum is accumulated entirely on the 
substrate in thickness of 5 Tim with CVD method as shown 
in Fig, 7A. 

As shown in Fig. 7B, the source region 22 is 
formed by carrying out etching using a resist layer 84 
being formed. As a result of the etching, the opening 25 
is formed on the silicon oxidation layer 27. 

The crystal defect region 11 is irradiated by 
the electron-beams radiated from the above after removing 
the resist layer 84 as shown in Fig. 8. The radiation of 
the beams is carried out at 1 mega electro-volts in 
energy strength in this embodiment. 

By carrying out the radiation, the crystal 
defect region 11 uncovered with the source electrode 22 
is irradiated by the beams, so that desired crystal 
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defects are generated within the region 11. On the other 
hand, less amount of the beams are irradiated to regions 
existing outside of the region 11. Although, a certain 
amounts of crystal defects are generated in the regions 
5 existing the outside of the region 11, these defects can 
be removed by annealing carried out later. In this way, 
the IGBT 1 shown in Fig. 1 is manufactured. 

Next, thickness of the source electrode 22 is 
described hereunder with reference to a relationship 

10 between a range of electrons in the source electrode 22 
and energy amount of the beams . As shown in Fig . 3 , the 
range of electrons in aluminum is increased when a higher 
energy is radiated. Usually, energy strength of the 
beams forming the crystal defect region is in a range 

15 from 600 electro-volts to 1 mega electro-volts. The 
source electrode 22 in thickness of 0.6 cm to 1 cm is 
required in order to restrict the generation of the 
crystal defect region with the source electrode 22 alone. 
However, the source electrode 22 relatively thicker than 

20 an ordinary aluminum wiring having a range from 1 p to 

10 pm is able to restrict the beams because the beams are 
restricted by the gate electrode 17, the passivation 
layer 19 and other layers formed thereunder. 

Further, the generation of the bremsstrahlung 

25 caused by the source electrode 22 made of a heavy metal 
can be avoided even when the beams are directly radiated 
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to the source electrode 22 exposed to the air. Because 
the source electrode 22 is made of a light metal in this 
embodiment* In this way f only a desired region can be 
irradiated with the beams by using the source electrode 
5 made of aluminum capable of using both as a wiring and a 
mask for the beams as a result of making an opening at a 
region to be irradiated without forming a layer for 
restricting beams in addition to the layers described 
above . 

10 Although, the beams are radiated after removing 

the resist layer 84, the radiation can be carried out 
without removing the resist layer 84. 

Although, the present invention is applied to 
the IGBT in the embodiments described above, the present 

15 invention is also applicable to other types of 

semiconductors such as a power MOSFET transistor and the 
like used as a vertical type MOSFET . Further, the 
present invention can also be used in any semiconductor 
devices such as ordinary bipolar transistor or others as 

20 long as the semiconductor requires the radiation of the 
beams to a part of the substrate thereof. 

Although, the source electrode 22 is made of 
aluminum, other light metals not causing bremsstrahlung 
such as an aluminum silicon and the like can be used for 

25 the source electrode 22. Any other metals not causing 

bremsstrahlung such as copper can be used for the source 
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electrode 22. Because of its higher density than that of 
aluminum, the use of copper allows the radiation of the 
beams to the desired region even when its profile is in a 
thin form. Further, tungsten can also be used for the 
5 source electrode 22. 

Although, the IGBT is employed as a 
semiconductor having the region to be irradiated in the 
embodiment described above, the present invention can be 
applied to a semiconductor device having the IGBT. 

10 Further, the silicon oxidation layer 27 is 

provided in order to form the opening 25 located above of 
the crystal defect region 11 in the embodiment. However, 
the opening can be formed directly on the source 
electrode 22 by carrying out etching thereto without 

15 providing the silicon oxidation layer. 

The semiconductor device in accordance with the 
present invention is characterized in that, the metal 
wring layer is made of a light metal. Therefore, no 
generation of the bremsstrahlung is observed even when 

20 the radiation are radiated. Also, the metal wring layer 
located on the region to be irradiated is formed thinner 
than that formed on regions except for the region to be 
irradiated so as to reach the radiating rays to the 
region to be irradiated. In this way, the crystal defect 

25 region can only be formed in the desired region. As a 

result, it is possible to provide a semiconductor device 
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capable of radiating the radiating rays to the desired 
region with simple processes, while not providing adverse 
effects caused by bremsstrahlung even when the radiating 
rays are radiated. Also, the semiconductor device in 
5 accordance with the present invention is characterized in 
that, the metal wring layer located on the regions except 
for the region to be irradiated is formed in a thickness 
so as not to provide any adverse effect on the regions 
except for the region to be irradiated. Therefore, it is 

10 possible to avoid adverse effect on the regions except 
for the region to be irradiated. 

Further, the semiconductor device in accordance 
with the present invention is characterized in that, the 
metal wring layer is made of a light metal, and the metal 

15 wring layer is used as a mask for restricting penetration 
of the radiating rays into region except for the region 
to be irradiated. Therefore, it is possible to provide a 
semiconductor device capable of radiating the radiating 
rays only to the desired region with simple processes, 

20 while not providing the adverse effects caused by 

bremsstrahlung even when the radiating rays are radiated. 

The semiconductor device in accordance with the 
present invention is characterized in that, the 
semiconductor device is an insulated gate bipolar 

25 transistor (IGBT), and the region to be irradiated is a 

positive-negative junction region where a parasitic diode 
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is generated. Therefore, it is possible to provide an 
IGBT capable of overcoming a loss arising at the 
switching caused by generation of a parasitic diode. 

Also, the semiconductor device in accordance 
5 with the present invention is characterized in that, the 
semiconductor device is a MOSFET, and the region to be 
irradiated is a positive-negative junction region where a 
parasitic diode is generated. Therefore, it is possible 
to provide a MOSFET capable of overcoming a loss arising 

10 at the switching caused by generation of a parasitic 
diode with a simple structure. 

Further, the method for manufacturing a 
semiconductor device in accordance with the present 
invention is characterized in that, the method comprises 

15 the steps of entirely forming the metal wiring layer, 

removing the metal wiring layer located on the region to 
be irradiated, and radiating the radiating rays using the 
metal wiring layer being remained as a mask. Therefore, 
it is possible to provide a semiconductor device capable 

20 of radiating the radiating rays only to the desired 

region with simple processes without causing any adverse 
effects caused by the bremsstrahlung even when the 
radiating rays are radiated. 

The semiconductor device in accordance with the 

25 present invention is characterized in that, the metal 
wiring layer is made of a metal which prevents the 
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generation of the bremsstrahlung even when the radiating 
rays are radiated, and the metal wring layer located on 
the region to be irradiated is formed thinner than that 
formed on regions except for the region to be irradiated 
5 so as to reach the radiating rays to the region to be 

irradiated. In this way, the crystal defect region can 
only be formed in the desired region. As a result, it is 
possible to provide a semiconductor device capable of 
radiating the radiating rays only to the desired region 

10 with simple processes, while not providing adverse 
effects caused by the bremsstrahlung even when the 
radiating rays are radiated. 

While the invention has been described in its 
preferred embodiments, it is to be understood that the 

15 words which have been used are words of description 
rather than limitation and that changes within the 
purview of the appended claims can be made without 
departing from the true scope and spirit of the invention 
in its broader aspects. 



25 
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What is claimed Is: 

1. A semiconductor device comprising: 

a substrate having a region to be irradiated 
with radiating rays, and 
5 a metal wring layer located on the substrate 

one of directly and indirectly, 

wherein the metal wring layer is made of a 
light metal, 

and wherein the metal wring layer located on 
10 the region to be irradiated with radiating rays is formed 
thinner than that formed on regions expect for the region 
to be irradiated so as to reach the radiating rays to the 
region to be irradiated. 



15 2. The semiconductor device in accordance with 

claim 1, wherein none of the metal wring layer is located 
on the region to be irradiated. 



3. The semiconductor device in accordance with 
20 claim 2, wherein an insulation layer is located on the 

region to be irradiated. 

4 . The semiconductor device in accordance with 
claim 3, wherein the metal wring layer located on the 

25 regions except for the region to be irradiated is formed 
in a thickness so as not to provide any adverse effect on 
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the regions except for the region to be irradiated. 



5. A semiconductor device comprising: 

a substrate having a region to be irradiated 
5 with radiating rays, and 

a metal wring layer located on the substrate, 
wherein the metal wring layer is made of a 
light metal, 

and the metal wring layer is used as a mask for 
10 restricting penetration of the radiating rays into 
regions except for the region to be irradiated. 

6 . The semiconductor device in accordance with 
claim 5, the semiconductor device is an insulated gate 

15 bipolar transistor, and wherein the region to be 

irradiated is a positive- negative junction region where a 
parasitic diode is generated. 

7 . The semiconductor device in accordance with 
20 claim 5, wherein the semiconductor device is a metal 

oxide semiconductor field effect transistor, and wherein 
the region to be irradiated is a positive -negative 
junction region where a parasitic diode is generated. 

25 8. A method for manufacturing a semiconductor 

device having a substrate, and a metal wiring layer 
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located on the substrate, a region of the substrate being 
irradiated with radiating rays , the method comprising the 
steps of : 

entirely forming the metal wiring layer, 
removing the metal wiring layer located on the 

region to be irradiated, and 

radiating the radiating rays using the metal 

wiring layer being remained as a mask. 
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Abstract of Disclosure 

An object of the present invention is to 
provide a semiconductor device capable of radiating 
electron-beams only to a desired region without forming a 
5 layer for restricting the radiating rays, A source 

electrode 22 made of aluminum prevents the generation of 
bremsstrahlung even when the electron-beams are radiated 
to the source electrode in a exposed condition. Also, 
the source electrode having an opening 25 at above of a 
10 crystal defect region 11 is used as a mask when the 

electron-beams are radiated thereto. That is the source 
electrode made of aluminum can be used both as a wiring 
and a mask for the radiating rays . 
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I hereby authorize them to act and rely on instructions from and communicate directly with the person/assignee/attorney/firm/ organization 
who/which first sends/sent this case to them and by whom/which I hereby declare that I have consented after full disclosure to be represented 
unless/until I instruct Merchant, Gould, Smith, Edell, Welter & Schmidt to the contrary. 

Please direct all correspondence in this case to Merchant, Gould, Smith, Edell, Welter & Schmidt at the address indicated below: 

Merchant, Gould, Smith, Edell, 
Welter & Schmidt 
3100 Norwest Center 
90 South Seventh Street 
Minneapolis, MN 55402-4131 
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I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 
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Full Name 
Of Inventor 


Family Name 

SAKAMOTO 


First Given Name 

Kazuhisa 


Second Given Name 


0 


Residence 
& Citizenship 


City 

Kyoto 


State or Foreign Country 
Japan 


Country of Citizenship 

Japan 


1 


Post Office 
Address 


Post Office Address 

c/o Rohm Co., Ltd., 21, Saiin Mizosaki-cho, Ukyo-ku 


City 

Kyoto 


State & Zip Code/Country 

615-8585, Japan 


Sign: 


iture of Inventor 201: 


Date: 
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§ 1.56 Duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most effective 
patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all 
information material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of candor 
and good faith in dealing with the Office, which includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim 
is canceled or withdrawn from consideration, or the application becomes abandoned. Information material to the patentability of a claim that 
is canceled or withdrawn from consideration need not be submitted if the information is not material to the patentability of any claim 
remaining under consideration in the application. There is no duty to submit information which is not material to the patentability of any 
existing claim. The duty to disclose all information known to be material to patentability is deemed to be satisfied if all information known 
to be material to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by 
§§ 1.97(b)-(d) and 1.98. However, no patent will be granted on an application in connection with which fraud on the Office was practiced 
or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to 
carefully examine: 

(1) prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent application 
believe any pending claim patentably defines, to make sure that any material information contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to information already of record or 
being made of record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim; 

cE 

^ (2) It refutes, or is inconsistent with, a position the applicant takes in: 

§H (i) Opposing an argument of unpatentability relied on by the Office, or 

q (ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is unpatentable under the 
preponderance of evidence, burden-of-proof standard, giving each term in the claim its broadest reasonable construction consistent with the 
specification, and before any consideration is given to evidence which may be submitted in an attempt to establish a contrary conclusion of 
rjpentability. 

IJ1 (c) Individuals associated with the filing or prosecution of a patent application within the meaning of this section are: 
0 ( 1 ) Each inventor named in the application: 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the application and who is 
associated with the inventor, with the assignee or with anyone to whom there is an obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing information to the 
attorney, agent, or inventor. 
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